Objective Vascular calcification is a feature of arteriosclerosis and in hemodialysis (HD) patients it may be severe, even at a relatively young age, and is closely related to the overall prognosis. We used the aortic calcification area index (ACAI), derived from the aortic calcification index (ACI), to evaluate and analyze the risk factors for abdominal aortic calcification in HD patients. Patients and Methods Subjects comprised 137 patients on maintenance HD. ACAI was measured on abdominal plain computed tomography: 10 slices of the abdominal aorta were obtained at 1-cm intervals from the bifurcation of the common iliac artery and the area of the aortic cross-section and calcification was measured using image software. The calcification area was divided by the cross-sectional area and expressed as a percentage (%). The mean value for the 10 slices was also calculated. Patients were divided into 2 groups according to ACAI being lower or higher than the mean value and the risk factors in each group were compared by multivariate analysis. Results Group comparison showed significant differences in age, systolic blood pressure, serum calcium, and lipoprotein(a). On multiple regression analysis, age, systolic blood pressure, and serum calcium were independent risk factors. On logistic regression analysis, age, duration of dialysis, systolic blood pressure, and serum calcium were independent risk factors. Conclusion Risk factors for abdominal aortic calcification in HD patients include age, systolic blood pressure, and serum calcium, according to ACAI evaluation. The ACAI was accurate and useful for evaluating abdominal calcification.
Introduction
In patients with chronic kidney disease (CKD), especially CKD-5Dialysis(D) patients, the risk of cardiovascular disease is increased compared with the general population. Arteriosclerosis is closely associated with vascular calcification, which is often severe in patients on hemodialysis (HD), even when they are young (1) .
Vascular calcification in HD patients is mainly intimal atherosclerosis or medial calcification (Mönckeberg's calcification). Atherosclerosis commonly involves the large and mid-sized muscular arteries, such as the aorta and coronary arteries, in which intimal lipid deposition, inflammatory cell infiltration (e.g. T-cell macrophages), and formation of plaques and raised lesions are seen. Mönckeberg's calcification occurs in the media of mid-sized and smaller peripheral arteries. It is not necessarily associated with lumen stenosis, but compliance decreases as vessel stiffness increases, resulting in elevated systolic blood pressure (BP), increased afterload, left ventricular hypertrophy, and increased myocardial oxygen demand. In addition, as diastolic BP de- creases, coronary blood flow also decreases. These hemodynamic changes lead to ischemic heart disease. The cause of death in approximately 40% of HD patients is cardiovascular complications (2) . With advances in dialysis technology and treatment, patients are living longer, and therefore it is becoming increasingly important to effectively evaluate and prevent the progression of vascular calcification.
Clinical evaluation of vascular calcification includes the identification of risk factors for the onset and progression of cardiovascular disease. Conventional means of diagnosing vascular calcification include detecting calcification in the aortic arch or common iliac artery on plain radiography (3, 4) , aortic pulse-wave velocity (PWV) (5), and electron beam CT (EBCT) (6) or multidetector-row helical CT (MDCT) (7) . Each of these modalities has advantages and disadvantages in terms of convenience, accuracy, and safety. PWV is useful for adjunctive diagnosis, but is not an imaging modality and is affected by hypertension. EBCT and MDCT are excellent for quantitative evaluation of coronary artery calcification, but evaluation can be difficult in patients with coronary stents, severe calcification or tachycardia, and in those who cannot hold their breath for more than 30 s. In addition, because of the expensive equipment required, these studies are not available at many dialysis centers. Plain radiography is the most convenient and inexpensive, but does not provide quantitative information.
The aortic calcification index (ACI) is conventionally used to clinically evaluate abdominal aortic calcification (8) . Using the imaging modality, 10 slices of the abdominal aorta are obtained at 1-cm intervals from the common iliac bifurcation. The ACI score expresses calcification in 12 sectors as a percentage (%), so the extent of calcification in the aortic wall circumference is assessed, but does not correspond to the "thickness" of the calcification.
Patients and Methods
The study group comprised 137 patients (70 men, 67 women) on maintenance HD 3 times per week (HD duration >3 months) at a single dialysis center in Japan for 3 years. Abdominal plain computed tomography (CT) was performed annually to exclude renal cell carcinoma and other malignant complications. During imaging, 10 slices of the abdominal aorta were obtained at 1-cm intervals from the common iliac bifurcation. The area of each aortic crosssection and of calcification was measured using NIH Image software (NIH: National Institutes of Health, United State of America). The area of calcification was then divided by the aortic cross-sectional area and expressed as a percentage. ACAI was taken as the mean value of 10 slices (Fig. 1) . Figure 2 shows a range of aortic calcification, for which the ACI scores are similar (7/12=58.3%), whereas the ACAI scores, which directly measure the area of calcification, are not similar (20.4%, 31.2%, and 43.6%). Thus, in patients with the same ACI score, the ACAI is a more accurate evaluation of the status of aortic calcification.
Based on the extent of abdominal aortic calcification, patients were divided into a low (L) or high (H) group according to whether the ACAI was below or above the mean value. Blood tests for each patient were routinely performed at the start of dialysis and a total of 24 times per year. Assays were performed using a standard biochemical analyzer (Auto Biochemical Analyzer 7,170, Hitachi, Tokyo, Japan). Systolic and diastolic BP were measured 156 times per year and recorded as mean values for each patient before dialysis.
Data are expressed as mean ± SD. The unpaired Student's t-test and Mann-Whitney U test were used to compare discrete variables between groups. Multivariate analysis was performed using multivariable linear regression and logistic regression analysis to identify independent risk factors for aortic calcification.
Results
Among the 137 patients, the ACAI ranged from 0% to 57.6%, with a mean of 20.7±15.3%; 9 patients had no abdominal aortic calcification (ACAI=0%).
F i g u r e 2 . Co mp a r i s o n o f a o r t i c c a l c i f i c a t i o n i n d e x ( ACI ) a n d a o r t i c c a l c i f i c a t i o n a r e a i n d e x ( ACAI ) .

T a b l e 1 . B a s e l i n e Ch a r a c t e r i s t i c s o f He mo d i a l y s i s P a t i e n t s a c c o r d i n g t o t h e Ao r t i c Ca l c i f i c a t i o n Ar e a I n d e x ( ACAI )
When the H and L groups were compared for risk factors, age, systolic BP, and serum calcium, and lipoprotein(a) (Lp(a) levels differed significantly between groups (Table 1) .
Multivariate analysis was performed using multivariable linear regression and logistic regression analyses to identify independent risk factors for aortic calcification. In the final model (R 2 =0.44), age, systolic and diastolic BP, and serum calcium, and Lp(a) levels were independent risk factors for aortic calcification ( Table 2) .
The same factors were analyzed by logistic regression analysis and in the final model, age, duration of dialysis, systolic BP, and the serum calcium level were independent risk factors for aortic calcification (Table 3) .
Discussion
Mild renal dysfunction and urinary abnormalities are known risk factors for cardiovascular disease (9), therefore HD patients have a 5-to 20-fold higher risk than the general population and the major reason is early arteriosclerosis (10). Vascular calcification is often reported in HD patients, even at a young age, and the characteristic changes include intimal atherosclerosis and medial Mönckeberg's calcification. Clinical evaluation of vascular calcification includes the identification of risk factors for the onset and progression of cardiovascular disease.
Abdominal plain CT is available even in small and medium-sized dialysis centers. Because of the higher risk of renal cell carcinoma in HD patients, abdominal plain CT is
T a b l e 2 . Mu l t i v a r i a b l e L i n e a r Re g r e s s i o n Ri s k f o r Ao r t i c Ca l c i f i c a t i o n
T a b l e 3 . Mu l t i v a r i a b l e L o g i s t i c Re g r e s s i o n Ri s k f o r Ao r t i c Ca l c i f i c a t i o n
usually performed annually, which provides an opportunity to assess vascular calcification as well. From the perspective of accuracy, the ACAI has an advantage over the ACI for evaluating abdominal aortic calcification and is also useful for serial observation of changes in calcification.
In the present study, comparison of the risk factors in the H and L ACAI groups showed significant differences in age, systolic BP, and the serum calcium and Lp(a) levels. Furthermore, multivariate analysis using multivariable linear regression identified age, systolic BP, and the serum calcium and Lp(a) levels as independent risk factors. On logistic regression analysis, age, duration of dialysis, systolic BP, and serum calcium represented independent risk factors for severe abdominal aortic calcification. Our study results indicate that the serum calcium level is a significant risk factor.
Hyperphosphatemia is a common complication of patients with stage 5 CKD. Patients with a serum phosphorus (P) concentration of >6.5 mg/dL (2.1 mmol/L) have an associated relative risk of mortality of 1.27, and an inability to control serum P levels leads to serious complications, in-cluding renal osteodystrophy and hyperparathyroidism (11) .
Control of dietary P intake and HD are partially effective in reducing the serum P level, but it is impossible to consistently maintain it within the normal range in HD patients (12) . Therefore, most HD patients require a phosphate-binding drug to trap dietary P and reduce its absorption.
Calcium carbonate (CaCO3) is the main phosphate binder used in Japan. It is effective, but a high calcium positive balance with hyperphosphatemia can induce ectopic calcification, especially of blood vessels. The possibility that the oral calcium dose prescribed to patients favors vascular calcification is supported by a recent study by Chertow et al who demonstrated that progression of arterial calcification scores for the aorta and coronary arteries was more rapid in patients receiving calcium-containing phosphate binders than in those taking sevelamer (13) . London et al demonstrated that arterial media calcification was closely associated with the duration of HD and calcium-phosphate disorders, including the oral dose of elemental calcium (CaCO3) prescribed as a phosphate binder (4). The Kidney Disease Outcome Quality Initiative (K/DOQI) guideline recommends a lower treatment target for serum Ca, as well as for serum P, based on analysis of each patient's outcome (14) . Recently, the importance of treating hyperphosphatemia without affecting serum Ca levels has been highlighted, as conventional treatment with CaCO3 results in a high incidence of ectopic calcification. Sevelamer hydrochloride and lanthanum carbonate are non-aluminum-and non-calcium-containing phosphate binders that recently became available in Japan for the management of hyperphosphatemia in patients on HD.
When this study was performed the only phosphate binder was CaCO3, because neither sevelamer nor lanthanum was available in Japan. Furthermore, Cinacalcet has recently become available for the management of secondary hyperparathyroidism, but at the time of this study the only treatment for secondary hyperparathyroidism was vitamin D agents.
Therefore, the patients' calcium levels in this study might be in high balance for maintaining serum P levels within the recommended range.
Study limitation
Because this study was a cross-sectional study we can only suggest that ACAI and age, systolic blood pressure and serum calcium level have a significant correlation in HD patients. However, because severe vessel calcification may be associated with mortality or cardiovascular disease in HD patients, we consider that these factors may be the "keys" to preventing the risk for cardiovascular deaths.
We are continuing to investigate the significance of the ACAI and these factors on cardiovascular mortality in HD patients in a cohort study.
More studies regarding optimal BP control, serum calcium control and vitamin D control in HD patients are needed.
Conclusion
Using the ACAI was an accurate and useful method of evaluating abdominal calcification in HD patients. Using this tool, we found that risk factors for abdominal aortic calcification in HD patients include age, systolic BP, and the serum calcium level.
